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assembles in large clusters, most
likely by extensive cross-linking. As a
first effect of the depletion of non-des-
mosomal Dsg1, intercellular widening
occurs. Then, when the desmosomes
also become depleted of Dsg1, they
shrink in size and number. When the
amount of anti-Dsg1 IgG increases,
the IgG will spread further upward
into the higher layers, also leading to
intercellular widening and desmosomal
reduction there. Finally, when the IgG
reaches the layers where Dsg3 is absent
and cannot compensate for the loss of
Dsg1, desmosomes will no longer be
able to form stable structures and will
melt away with subcorneal acantholysis
as the final result.
The effects of anti-Dsg3 antibodies on
the epidermis differ from those of anti-
Dsg1 antibodies. IgG directed against
Dsg3 spreads through the epidermis and
leads to clustering and depletion of
Dsg3 throughout the Dsg3-expressing
layers. This does not, however, lead to
intercellular widening or a reduction in
the size and number of the desmo-
somes. Apparently, loss of Dsg3 is less
devastating than loss of Dsg1 to the
desmosomes as they retain their normal
shape. This fits with observations in
patients with mdPV, who have blistering
of the mucous membranes but a per-
fectly healthy and strong skin. Although
their skin is loaded with anti–cell sur-
face IgG deposits, it does not blister,
even when it is firmly rubbed to elicit
the Nikolsky sign. Next, when antibo-
dies directed against Dsg1 are also
present in addition to antibodies against
Dsg3 (as in mcPV), the depletion of
Dsg1 will affect the desmosomes, which
then start to shrink. As the desmosomes
can no longer compensate for the loss of
both Dsg1 and Dsg3, they will melt
away in the lower layers, which even-
tually leads to suprabasal acantholysis.
We therefore conclude that Dsg1,
but not Dgs3, is necessary for preserving
the normal size and number of desmo-
somes in the human epidermis and
that loss of Dsg1 is conditional for
developing cutaneous acantholysis in
pemphigus.
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TO THE EDITOR
Estrogen regulates diverse cellular func-
tions and affects various tissues includ-
ing the skin (Hall and Phillips, 2005).
Studies have reported hormone replace-
ment therapy to increase the content of
collagen in sun-protected human skin
(Brincat et al., 1987a, b). In addition,
estrogen could stimulate dermal glyco-
saminoglycan and may have a benefi-
cial effect on dermal matrix in mice
(Rock et al., 2012).
However, topical estrogen therapy
failed to induce procollagen expression
in sun-exposed skin of the forearms and
face, regardless of its collagen-stimulating
effect in sun-protected buttock skin (Rittie
et al., 2008). Furthermore, hormone
therapy failed to lessen the mild-to-
moderate changes in photoaged facial
skin in postmenopausal women (Phillips
et al., 2008). Therefore, the effects of
estrogen on skin exposed to UV irradia-
tion are likely to be different from skin
protected from UV irradiation.
Although the influence of estrogen
on photosensitive dermatoses, such as
polymorphic light eruption, has been
studied (Aubin, 2004), the role of
estrogen in the normal physiological
response of skin to UV irradiation such
as sunburn and photoaging remains
unclear. Thus, this study investigated
the effects of endogenous estrogen onAccepted article preview online 27 March 2014; published online 24 April 2014
Abbreviations: MMP, matrix metalloproteinase; OVX, ovariectomized
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the response of skin to UV irradiation
in vivo.
Ovariectomized (OVX) immunocom-
petent hairless mice were used as a
model of estrogen deficiency. Seven-
week-old female albino hairless mice
(HOS:HR-1) were bilaterally OVX under
general anesthesia. For the sham opera-
tion, a similar procedure was performed
except that ovaries and oviducts were
not removed. Successful ovariectomy
was verified by atrophy of the uterine
horn at necropsy and suppression of
GREB1 (gene regulated by estrogen in
breast cancer) mRNA expression in the
skin (Supplementary Figure S1a, b
online). Every UV irradiation was started
4 weeks after operation.
We examined the effect of endo-
genous estrogen on wrinkle formation
using a murine model of photoaging.
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Figure 1. Response of skin to UV irradiation is reduced in ovariectomized (OVX) mice after single and repetitive UV exposures. (a) Photographs taken at 3 weeks
post irradiation during the 8-week photoaging experiment. Every sham-operated mouse developed obvious erythema on their dorsum. However, six of eight OVX
mice developed only subtle erythema and the remaining two showed less severe erythema than sham-operated mice. (b) Wrinkle formation at 8 weeks after
repetitive UV exposures was less pronounced in OVX mice than in sham-operated mice (n¼8 for each group). (c) CD45-positive leukocytes were counted in three
different fields from each animal. Scale bar¼ 100mm. Data are presented as means±SEM (n¼6–7 for each group). (d) Levels of IL-1b, IL-6, and tumor necrosis
factor-a in skin lysates were measured by Multiplex Bead-Based Cytokine Assay Kit. (e) Representative western blots of the matrix metalloproteinase-13 level in
skin lysates normalized to the b-actin level. Data are presented as means±SEM (n¼6–7 for each group). *Po0.05 vs. time-matched sham-operated mice;
wPo0.05 vs. nonirradiated counterpart; NS, not significant; Mann–Whitney U-test.
HS Yoon et al.
Effects of Estrogen on UV Responses
www.jidonline.org 2291
When the UV dose was increased
to 300 mJ cm2, sham-operated mice
developed bright erythema on the dorsal
skin. However, all OVX mice experienced
less severe erythema than sham-
operated mice (Figure 1a). After com-
pletion of the 8-week course of UV
irradiation, the wrinkle score was sig-
nificantly lower in the UV-irradiated
OVX group (2.4±0.2) than in the
UV-irradiated sham-operated group
(3.9±0.2; Po0.05; Figure 1b).
To investigate whether estrogen
exacerbates UV-induced inflamma-
tion in the skin, a single dose of UVB
(200 mJ cm2) was administered to the
dorsal area of mice under general
anesthesia. Biopsies of the dorsal skin
were obtained from mice at 48 hours
after UV irradiation. The increase in skin
fold thickness after UV irradiation,
which is indicative of UV-induced skin
edema, was less in OVX mice than
in sham-operated mice (Supplementary
Figure S1c online). Furthermore, there
were fewer CD45-positive inflammatory
cells (Figure 1c) and TUNEL-positive
apoptotic cells (Supplementary Figure
S1d online) in OVX mice than in
sham-operated mice at 48 hours after
UV irradiation.
To determine the effect of estrogen
on the expression of proinflammatory
mediators, the protein levels of IL-1b,
IL-6, and tumor necrosis factor (TNF)-a
in skin lysates were quantified simulta-
neously using the Procarta Cytokine
Assay Kit (Panomics, Fremont, CA).
After acute UV irradiation, the levels of
IL-1b, IL-6, and TNF-a were significantly
lower in OVX mice than in sham-oper-
ated mice (131.60±20.20 vs. 256.10±
44.86 pg ml1 for IL-1b; IL-6 12.28±
2.66 vs. 27.70±8.38 pg ml1 for IL-6;
and 11.07±1.74 vs. 22.90±3.82
pg ml1 for TNF-a, respectively). By
contrast, in nonirradiated mice, the
levels of IL-1b and TNF-a were signifi-
cantly higher in OVX than in sham-
operated mice (Figure 1d).
Matrix metalloproteinase (MMP)-1 is
a key regulator of collagen degradation
in humans that is involved in photoa-
ging (Fisher et al., 2002), and rodents
lack the MMP-1 gene, which is func-
tionally replaced by the MMP-13 gene
(Schorpp et al., 1995). Although a single
dose of UV irradiation significantly
increased the expression of MMP-13 in
sham-operated mice (2.6-fold increase
vs. non-irradiated mice), OVX mice
showed no increase in MMP-13 expres-
sion after UV exposure (Figure 1e).
As estrogen is not the only ovarian
hormone, we administered 17-b-estra-
diol-3-benzoate, an exogenous estrogen,
to OVX mice to verify whether estrogen
contributes to UV-induced inflamma-
tion in the skin. The compound was
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Figure 2. Exogenous estrogen restores UV-induced responses compared with vehicle-treated ovariectomized (OVX) mice. (a) Exogenous estrogen (E2)
increased UV-induced infiltration of CD45-positive inflammatory cells. Scale bar¼ 100mm. (b) Levels of IL-1b, IL-6, and tumor necrosis factor-a (TNF-a) in skin
lysates were measured using Multiplex Bead-Based Cytokine Assay Kit. (c) Representative western blots of the matrix metalloproteinase-13 (MMP-13) level
normalized to the b-actin level. Data are presented as means±SEM (n¼ 6 for each group). *Po0.05 vs. time-matched vehicle-treated OVX mice; wPo0.05 vs.
nonirradiated counterpart; NS, not significant; Mann–Whitney U-test.
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dissolved in 0.1 ml of olive oil and
administered to mice at an approximate
physiological dose (0.4mg per mouse,
Sigma-Aldrich, St Louis, MO; Jansson
et al., 1990). Estrogen or its vehicle was
administered subcutaneously immedia-
tely after surgery and once every 4 days.
Exogenous estrogen restored OVX-
induced changes, such as uterine atro-
phy, and reduced GREB1 mRNA expres-
sion in the skin (Supplementary Figure
S2a, b online). Exogenous estrogen to
OVX mice increased skin edema after
UV irradiation compared with vehicle-
treated mice (Supplementary Figure S2c
online). In addition, there were signifi-
cantly more CD45-positive inflamma-
tory cells (Figure 2a) and TUNEL-
positive apoptotic cells (Supplementary
Figure S2d online) in estrogen-treated
OVX mice than in vehicle-treated OVX
mice after UV irradiation. We examined
the expressions of several proinflamma-
tory cytokines and MMP-13 and found
that exogenous estrogen reversed the
induction in IL-1b, IL-6, and MMP-13
levels in OVX mice after UV irradiation
(Figure 2b and c). These results illustrate
that exogenous estrogen can partially
restore UV-induced responses and
inflammation in the skin of OVX mice.
Chronic administration of estrogen to
OVX mice was previously reported to
increase the expression of IL-1b, IL-6,
and IL-12p40 by peritoneal macro-
phages in response to lipopolysacchar-
ides ex vivo (Calippe et al., 2008). In
addition, estrogen can stimulate MMP
activity in the presence of specific
inflammatory stimuli (Richette et al.,
2004; Kapila et al., 2009).
Estrogen has long been thought to be
an antiaging modality by stimulating
collagen synthesis (Draelos, 2005; Hall
and Phillips, 2005). However, skin
aging is more complicated than other
organs, because skin is continuously
exposed to UV irradiation. Regardless
of the beneficial effects of estrogen
on different organs (Giraud et al.,
2010), our results demonstrate that
in vivo exposure to estrogen in the
presence of UV irradiation increased
the production of inflammatory media-
tors in the skin and negatively
affected the physiological response of
skin to UV irradiation. These findings
could partly explain why estrogen
treatment had no effect on photo-
damaged human skin and suggest that
estrogen might not be an appropriate
strategy in the prevention or treatment of
photoaging.
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